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pushing operating conditions beyond the capabilities of these materials and into regimes only serviceable by 
new nickel-base alloys. 
2. Alloy development methodology 
The requirement of a 100,000 hours stress rupture strength of at least 100 MPa at 750oC and a corrosion 
resistance, defined as metal loss of less than 2 mm in 200,000 hours was imposed by the THERMIE consortium 
and therefore chosen as a baseline target for the new alloy.  It was determined that the aerospace superalloy, 
NIMONIC® alloy 263, did have the required strength but lacked the demanding corrosion resistance. From the 
beginning, the intent of the new alloy was to have this level of corrosion resistance in uncoated thin-wall 
tubing, to avoid the expense and potential breakdown in service of ceramic coatings.  Therefore, a program was 
initiated using alloy 263 as the reference alloy to which Cr and Nb  additions were made for enhancing 
corrosion resistance whilst eliminating Mo, which is known to be harmful in fuel ash environments [6]. 
Thereafter, using this readjusted base, Thermo-Calc software was used to define the Al and Ti levels needed to 
produce the desired minimum Ȗ´ volume fraction of 15%. 
As a result of the data obtained from the preliminary mechanical property and corrosion testing programs, an 
alloy range for INCONEL alloy 740 was defined and is given in Table 1. However, the original targeted use of 
the alloy was for superheater boiler tubing at steam temperatures of 700oC, for which it has been thoroughly 
tested and proved to be more than adequate [7]. Subsequently the alloy has been evaluated for other heavy 
section components in the boiler and turbine, particularly under a USA program that targets service 
temperatures as high as 760ºC, and has been modified to meet the service requirements of those components [8, 
9].  
Table 1.  Nominal compositional range of the alloys of this study. 
Alloy C Cr Mo Co Al Ti Nb Mn Fe Si 
263 0.05 20 5.8 19.5 0.5 2.1 --- 0.35 0.5 0.1 
740 0.03 25 0.5 20 0.9 1.8 2.0 0.3 0.7 0.5 
740H 0.03 25 0.5 20 1.35 1.35 1.5 0.3 0.7 0.15 
617 0.08 22 9.0 12.5 1.0 0.4 --- 0.1 0.5 0.1 
 
Evaluation of alloy 740 in thick-section welds revealed a tendency for heat-affected zone (HAZ) micro-
fissures. It was also noted that the Ȗ’ was unstable at higher temperatures.  Xie et al, working with Special 
Metals Corporation, conducted an extensive metallographic analysis of alloy 740 aged for up to 5000hrs at 
temperatures between 704°C and 850°C [10]. This work revealed that during exposure at 725°C and above, 
acicular Ș-phase nucleated at grain boundaries and grew into the grains while consuming Ȗ’. Xie also 
documented the coarsening rate of Ȗ’ and the presence of the Si-stabilized G-phase. Although long time creep-
rupture test results have not shown a loss of strength due to these progressive phase transformations, properties 
such as residual impact strength could be affected.  
The specific adjustments that were proposed were to increase Al -Ti ratio slightly to improve the stability of 
Ȗ’, decrease Ti to retard formation of Ș and restrict Si to prevent G-phase. Lab heats demonstrated that these 
ideas did provide the desired microstructure stability [10]. This newly optimized chemistry has been designated 
as INCONEL alloy 740H, Table 1. Figure 1a shows an SEM photomicrograph of conventional 740-
composition bar stock exposed in the SA+A condition at 750°C for 4000 hours.  Contrast this with Figure 1b 
that shows material from an alloy 740H heat exposed in the SA+A condition at 750°C for 5000 hours. 
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(a) 
Fig. 1. SEM micrographs a) conventional al
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Fig. 2. Exposure at 700ºC in N2-15% CO2-3.5%O2-0.25%
salt consisting of 5% Na2SO4-5% K2SO4-90% (Fe2O3-A
SiO2) [2]. 
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4. Mechanical properties 
Initial tests show that alloy 740 was indeed 
target of 100,000hr creep-rupture strength as illu
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Fig. 4.  HAZ fissures in alloy weld in alloy 740.
6. Commercial scale manufacture  
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Fig. 5.  No fissures in weld in alloy 740H. 
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described in detail [8, 20]. The larger of the two
Extrusion of this pipe required the full capacity 
temperature. This extrusion, while a remarkable
extrusion.  
Earlier this year, the first large-scale comme
740H ingot was VIM melted and VAR remelted
shows a transverse slice (b) showing no eviden
coarse Ȗ’ with no evidence of Ș. 
 
  
(a)                                  
Fig. 6. (a) 750mm diameter ingot of alloy 740H,
 (c) micro shows carb
After upsetting and piercing, the machined p
shown in Fig. 7.  Initial mechanical property da
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Fig.7. As extruded pipe of alloy 740H with dimensions 
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Fig. 9. Larson Miller plot for stress rupture life of alloy 7
700oC to 800. 
Finally, Fig. 11 (a) shows the joint configura
GTAW with a narrow groove joint design (5° be
wall (79 mm actual) alloy 740H header pipe, w
condition, using 0.9mm diameter matching filler
no indications of fissuring or welds metal d
fabricability of alloy 740H in thick sections.  F
conducted on this and other similar and dissimil
 
(a) 
Fig. 11. Configuration and fina
7. Summary 
INCONEL alloys 740 and 740H meet desi
American AUSC power plants. Alloy 740H a
piping for temperatures up to and including 76
approval has been granted. Boiler tubes have b
header pipe in alloy 740H has also been succes
without any cracking or fissures. An intensive ef
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